In this paper, the first complete photometric light curves in the B, V , and R passbands for an eclipsing binary LO Com are presented, and the photometric solution for the LO Com is derived by analyzing these light curves by using the Wilson and Devinney code. From the photometric solution, it is found that the LO Com is a W-type W UMa binary with a mass ratio of q = m 2 /m 1 = 2.478 and a contact degree of f = (3.2±0.25)%. By combining the two new minimum times with those published earlier in the literature, we have found that the (O−C) curve shows a downward parabolic variation corresponding to a long-term decrease in the orbital period with a rate of dP/dt = −1.18 × 10 −7 days yr −1 . This long-term decrease in its orbital period may be caused by mass transfer from the more massive component to the less massive one.
Introduction
W Ursae Majoris (W UMa) binaries are eclipsing variables in which both components have filled their Roche lobes and shared a common envelope. As the most common observed variables, their eclipsing light curves have nearly equal depths. W UMa systems are important sources for testing the angular momentum evolution of binaries (Rucinski 2000) . They have a high spatial frequency of occurrence and can also be used as standard candle for distance determinations (Rucinski 1997) . They play an important role in studying the Galaxy structure. More importantly, the two components in W UMa systems transfer the mass and energy between themselves. They are good targets for understanding the energy and mass transfer mechanism (Li et al. 2004 ). On the other hand, they also play an important role in investigating the stellar evolution as they are the possible progenitors for some important objects, e.g. blue stragglers (Chen & Han 2008) and fast rotating stars (Jiang et al. 2013 ).
The majority of contact binary systems with short periods belong to W-subtype systems (Webbink 2003) , and in this system the more massive component is the cooler one. Most of the W-subtype contact systems have shallow contact characteristics. Thus, they are the excellent objects for testing the thermal relaxation oscillation (TRO) model (Lucy 1976; Flannery 1976; Robertson & Eggleton 1977; Lucy & Wilson 1979; Li et al. 2004 Li et al. , 2005 . In the TRO model, the W UMa binaries oscillate between contact and semi-detached states. In the semi-detached phase, the primary continues to fill its Roche lobe and the mass transfer from the primary to the secondary, whereas no energy transfers between them. In the contact phase, energy transfers from the primary to the secondary, and the mass transfers from the secondary to the primary. For the case that a W UMa binary has low shallow contact and keeps expanding, the contact configuration can break, and the system will evolve into the semi-detached state. Therefore, the short shallow contact systems are important targets to test the TRO theory.
The orbital periods of W UMa binaries are between 0.22 and 1.00 days (Gazeas & Niarchos 2006) . The short-period W UMa binary LO Com (GSC 1991 (GSC -1390 Blattler & Diethelm (2001) presented the light curves for this system, no complete photometric analysis has been published. In this paper, we show as the first time complete photometric or charge-coupled device (CCD) light curves in the B, V , and R passbands for the LO Com in Section 2. Then, the photometric solution with the Wilson and Devinney (W-D) program and analysis of the orbital period are presented in Sections 3 and 4, respectively. Finally, the discussions based on the photometric solution and orbital period variation are presented in Section 5.
Observations
CCD observations of the LO Com were taken on 2015 March 21 and 25 at the Nanshan 1.0 m telescope of Xinjiang Astronomical Observatory. The telescope is equipped with a 4K × 4K camera CCD. During the observation, the Johnson-Cousins BV R filters were used.
The images were reduced with the aperture photometry package of IRAF.
1 Figure 1 shows one of the observed CCD images containing the variable stars, the comparison star, and the check star. Table 1 presents the coordinates of the variable, comparison, and check stars. Our observation data of three passbands are listed in Table 6 , in delta magnitudes, the variable star minus the comparison star.
The complete light curves in the BV R passbands are presented in the top panel of Figure 2 . The orbital phases of these observations were obtained by M in.I = 2457107.2343+ 0 d .2863601 × E, where the 2457107.2343 is one of the new times of light minima obtained by us and the period is adopted from Blattler & Diethelm (2001) . The magnitude differences between the comparison and check stars in the BV R passbands are shown in the bottom panel of Figure 2 ; the bottom panel shows the authenticity of the variations of the light curves for the target. The standard observation accuracies are about 0.021, 0.016, and 0.011 for the B, V , and R bands, respectively. From Figure 2 , it can be seen that the light curves are typically the EW-type, which are symmetric in all passbands and have no O'Connell effects (different heights of the two light maxima). Figure 2 also shows that there is ∼ 0.13 mag for three passbands between the depths of the two minima. From the observations, two times of the minimum light were derived for each passband by using the method of Kwee & van Woerden (1956) listed in Table 2 .
Photometric solution for the LO Com
The light curves shown in Figure 2 are symmetric and complete, all these are very useful for determining a reliable photometric solution for the LO Com. In order to derive 
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0.680 (Wilson & Devinney 1971; Wilson 1979 Wilson , 1990 Van Hamme & Wilson 2007; Wilson 2008 ) has been adopted. The spectroscopic observation can offer a reliable mass ratio. Since this system is relatively faint, minimal information about its radial velocity is available. We thus adopted thus only photometric data in our analyses. During the procedure of modeling the photometry, the effective temperature of star 1 (the star eclipsed at the primary light minimum) should be specified. Since the light curve only offers constraints on the temperature ratio by using the depth of eclipses, rather than constraints on the temperature, we estimated the temperature of star 1 based on (J − H) color by the expression (Collier Cameron et al. 2007 )
where J and H magnitudes are obtained from the 2MASS All-Sky Catalog of point sources (Cutri et al. 2003) . From Equation (1), the effective temperature T 1 of the hotter component in the LO Com is derived to be of 5178 K. This suggests that the LO Com is a late-type W UMa system with a convective envelope, implying that the gravity-darkening coefficients g 1 = g 2 = 0.32 (Lucy 1967) and the bolometric albedos A 1 = A 2 = 0.5 (Ruciński 1969) . Note that the W-D program itself can automatically calculate the bolometric and passband limbdarkening coefficients taken from van Hamme (1993), and we choose the logarithmic functions ( listed in Table 3 ). The adjusted parameters are: the orbital inclination i, the temperature of star 2 T 2 , the dimensionless surface potential Ω 1 and Ω 2 , and the monochromatic luminosities of star 1 L 1B , L 1V and L 1R .
Since so far no photometric and spectroscopic solutions have been published for the LO Com, it was necessary to obtain an accurate photometric solution for it. A series of fixed values of the mass ratio q in the range of 0.1−6.0 by step of 0.01 were used. For each assumed mass ratio, different models (detached, semi-detached, contact, near-contact models) were tested, and the solutions usually converged to the model 3 (a contact configuration) during the computation. Therefore, a series of the sum of the weighted squared residuals, ΣW (O − C) 2 (hereafter Σ), were obtained. The relation between the resulting Σ and the assumed q is shown in Figure 3 . It can be seen that the Σ has a minimum value at q = 2.5. Then, we chose 2.5 as the initial value of q and took it as an adjustable parameter in subsequent calculations until a convergent solution was obtained. Finally, q was convergent to 2.478. The parameters of the final photometric solution are listed in Table 4 . For the case of poor spectroscopic data about the LO Com, we estimated the absolute parameters by the J − H color. The J − H color indicates that the spectral type of the LO Com is K0; its mass can be estimated to be M 2 = 0.79 M (Cox 2000) . Then, based on the mass ratio q = 2.478, the mass of the primary component can be estimated as approximately M 1 = 0.32 M .
Orbital period variation for the LO Com
The orbital period change is one of the observational properties of binary stars. The study of the orbital period change for the LO Com is absent in the literature. For investigating this property, we collect the light minimum times from eclipsing binary minima database (O-C) Gateway.
2 Among these minimum times, only two are visual observations, and we reject these visual observations and select only the photoelectric or CCD observations. Including our new minimum times, a total number of 49 minimum times were obtained, and the period spans over 15 years (listed in Table 5 (3) In the top panel of Figure 6 , the red dashed line shows the fitted parabola. Equation (3) implies that the orbital period of the LO Com decreases secularly at a rate of dP/dt = −1.18 × 10 −7 days yr −1 . 
Discussions and conclusions
In this paper, the first complete photometric light curves of the B, V and R passbands were presented. The photometric solution indicates that the LO Com is a W-type W UMa binary system with a contact degree of f = (3.2 ± 0.25)%. The orbital period variations were also studied, and a secular decrease in its orbital period has been found. The orbital period decreases with a rate of dP/dt = −1.18 × 10 −7 days yr −1 .
The long-term decrease of the orbital period of the LO Com may be caused by angular momentum loss (AML) due to the magnetic stellar wind. According to the formula given by Guinan & Bradstreet (1988) :
the decreasing rate of the period can be estimated as dP/dt (AML) = −4.92 × 10 −8 days yr −1 . Here, the M 1 , M 2 , R 1 , and R 2 in Equation (4) are the masses and radii of two components in solar units, respectively. Note that the mass ratio q = 1/q = M 1 /M 2 < 1.0; the k 2 was set to be 0.1. The result given above seems to imply that the AML can explain the long-term period decrease for the LO Com. However, the long-term period decrease of the LO Com might also be caused by the mass transfer from the more massive component to the less massive one by the well-known equationṖ
Therefore, the mass transfer rate can be estimated as dM 2 /dt = −0.9 × 10 −7 M yr −1 . The minus sign indicates that the more massive component loses its mass. Then, the time scale of the mass transfer can be estimated to be as approximately 8.7 × 10 6 yr. The thermal time scale of the massive component can be estimated as τ th ∼ GM 2 /R 2 L 2 ∼ 2.8 × 10 7 yr (Paczyński 1971) , which is longer than the mass transfer duration. This implies that the primary component cannot stay in the thermal equilibrium and the mass transfer in the LO Com is unstable.
However, a comprehensive understanding of orbital period variation for the LO Com comes from the coupled contributions of the results of mass transfer from the more massive component to the less massive one, and the AML is due to magnetic stellar winds. Although, the contribution of AML is a minor aspect ([−4.92 × 10 −8 / − 1.18 × 10 −7 ] < 50%) for the interpretation of this long-term decrease tendency. We need to note that the presence of the AML in LO Com may play an important role for the evolutionary stages from initially detached binary into overcontact binary systems (e.g., Mestel 1968; vant Veer 1979; Vilhu 1982; Eggen & Iben 1989) for the shallow contact degree (f = (3.2 ± 0.25)) shown in this paper. Meanwhile, we can also see that the time scale of the secular decrease trend is about T P ∼ P/(dP/dt) ∼ 2.4 × 10 6 yr, which is close to the time scale of the mass transfer ∼ 8.7 × 10 6 yr. This indicates that the long-term decrease in the orbital period of LO Com may be caused by the thermally conservative mass transfer from the more massive component to the less massive one.
From the photometric solution, it has been found that the LO Com is a shallow contact binary system with a contact degree of f = 3.2%. The temperature of the primary is hotter by about 304 K than the secondary component. This indicates that this binary system could be in a very important evolution phase of the TRO (Flannery 1976; Eggleton 1996; Csizmadia & Klagyivik 2004; Li et al. 2004 Li et al. , 2005 Li et al. , 2008 . The binary system LO Com might be at the beginning of the duration that the full energy transfer is lost, which is indicated by the observed properties (large temperature difference and unstable mass transfer). When the effective energy transfer is lost, the secondary contracts rapidly, and the mass transfers from the primary component to the secondary component. Therefore, the secondary might have a higher temperature than the primary due to the gravitational energy transformed to thermal energy for the secondary, and rapid expansion could lead to the expense of the primary. The mass transfer rate might reach the highest value in a cycle and could induce the dynamically instability of the mass transfer (Li et al. 2004 ).
In summary, the LO Com is a short-period shallow contact binary system. While the complete photometric light curves are presented, long-time monitoring observations (especially spectroscopic observations) are still necessary to offer more information about this system.
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